Long-term observations were conducted over the last 16 years to assess the degradation processes within a secondary forest in an equatorial region in Sumatra Island. Two belt transects representing 5.6 km 10 m in total and two permanent plots of 1.8 ha were used. A secondary forest located below 300 m in altitude was largely lost over the last 8 years, and this deforestation, which was largely caused by clearing for fields and logging for timber by the local people, expanded to a forest at 500 m in altitude, 3 km from the nearest village. Based on the mortality of the trees with the examined parameters (density and basal area) and distance from the village, we concluded that a secondary forest below 500 m in altitude will be greatly retrogressed within the next 16 years, and the original floristic features of a hill forest below 1050 m in altitude will disapper within next 32 years.
INTRODUCTION
Different types of land use can accelerate altitudinal and horizontal forest degradation (Lambin et al. 2001 , Kobayashi 2004 ). This social trend, which is linked to forest dynamics, is a major global issue because it causes significant land cover changes in tropical rain forests (Vitousek et al. 1997 .
Indonesia has the third largest forested area in the world (FWI/GFW. 2002) . It is also ranked 3 rd among the World , 17 mega-diverse countries (ASEAN 2009). However, the biodiversity of tropical forest ecosystems is declining in many areas for a variety of reasons. For example, forest changes related to physical factors such as drought effects (e.g., 1997 -1998) and natural disasters, as well as economic issues that set short-term values on unsustainable ecosystem services (William 1999 , Yoneda e t a l. 2 0 06 , V i h e r v a a r a e t a l . 20 1 0) r es u lted in deforestation. Sumatra lost forest area at a rate of 55 km 2 per year during 1985 -2007 , and only 30% of the forested land area remains ( Laumonier et al. 2010) . The oil palm and paper industries are major drivers of deforestation in this area. In West Sumatra, secondary forests are facing high rates of disturbances due to the rapid decrease of natural resource availability (Sheil and Burslem 2003) . Yoneda et al. (2006) obser ved a continuous change in species composition, biomass, and productivity in this region. The dynamics of secondar y forests based on biomass studies are well documented, whereas few studies focus specifically on temporal and spatial scales based on long-term obser vations related to human impacts.
Some disturbance in a tropical secondary forest can be useful for forest productivity, biodiversity, succession, and advanced regeneration because it allows for habitat sharing among shade intolerant and fast-growing species (Yamamoto 1992 , Everham and Brokaw 1996 , Whitmore 1998 . This seemingly inevitable change is strongly coupled with the social systems (Folke et al. 2002 , Kimmins 2004 , Otsuka 2009 . Repeated disturbances induce changes in the process of natural succession and biomass production. Human inter ference in forested areas must be effectively managed under regulations that consider stand density (Julian 1992 , Top et al. 2008 . The aim of this study was to assess the recent use of a secondar y forest and retrogressive process with stem density and basal area as major parameters.
It is important to understand the influences of spatial and temporal patterns on biotic processes by considering demographic parameters such as mortality traits and recruitment processes. The purpose of this study was to describe landscape patterns and recent stand dynamics by assessing the distance of a forest from the human se ttle me nts. E c o l o g i c a l d yn a m i c s u n d er r e cen t management by the Minangkabau community were evaluated. This area has been recognized as an example of sustainable land use in the tropics (Yoneda 2000) .
Tha nks to stable income from paddy fields, forest biomass in this area tended to be constant in the 90s without outstanding forest clearing. It is, however, undergoing changes due to greater needs for wood and farmland. The topics discussed here include forest a c c e s s i b i l i t y, r e d u c t i o n p r o c e s s e s , a n d s p e c i e s composition. Our findings will be useful when developing management plans to promote landscape heterogeneity for biological conservation (Marin et al. 2005 , Yoneda et al. 2009 , Laumonier et al. 2010 .
MATERIALS AND METHODS

Study site
The study site, which includes forests neighboring Sipisang village, is located in Padang Pariaman District, along the upper stream of the Batang Anai River where the hills of Barisan Mountain can be observed (refer to a map ( Fig.1 in Yoneda et al. 2006) ). The average monthly rainfall is estimated to be 445 mm, the mean annual precipitation is approximately 5340 mm, and the mean annual temperature is 23.5 C (Syahbuddin and Mukhtar 1996) . The land-use system has been being characterized by small-scale forest activities such as selective logging and collecting tree resins (dammar) and rattan (Yoneda 2000) . Major sources of incomes include products such as rice, Pithecellobium lobatum (jengkol), banana, Coffea robusta, Hevea brasiliensis (rubber), Durio zybethinus 
Tree census and definitions
Tree censuses have been conducted at these study sites We assessed rates of deforestation in terms of tree density and basal area across different dbh classes and different periods by using following equation:
where parameters a and b are constant, and M and X are mortality and the average value of tree density and basal area during each period, respectively. Eq. (1) is a socalled S-N relation of a logistic equation with a negative relative growth rate and a potential mor tality = b (Shinozaki 1961) . A parameter of b is the ideal maximum mortality at X≑0, and b/a, ratio show the X value at M=0, the ideal maximum dimension of forest structure under stable conditions. We call them as the potential mortality and the potential tree number in case of X=tree number, respectively. They correspond to the intrinsic growth rate and the maximum size of a logistic growth equation.
When we integrate Eq. (1) with respect to time (t), tree density at a given time, N(t), could be shown by the following equation:
where parameter c is an
N 0 is tree density at t = 0.
RESULTS
Spatial expansion of deforestation
Figure 1 shows obvious variations in tree densities over t h e p a s t 8 y e a r s ( 2 0 0 2 -2 0 1 0 ) , e v e n t h o u g h t h e dimensional structure had been approaching dynamic equilibrium during the previous 8 years (1994 -2002; 1994-2010 2001-2010 1995-2006 2001-2010 Repetition of census 7 (1994, 1999, 2000, 2001, 2002, 2006, 2010) 3 (2001, 2002, 2010) 8 (1995, 1996, 1998, 1999, 2000, 2001, 2002, 2006) 4 (2001, 2002, 2006, 2010) that these patterns would induce high retrogress of a secondary forest below 500 m in altitude in A-range by
2026
Trees larger than 50-cm dbh in the A-range also experienced drastic reductions over the last 8 years, and they followed the same spatial patterns as smaller trees.
O v e r a l l , t h e g r e a t e s t l o s s o c c u r r e d w i t h i n t h e 1900 -3000-m distance from humans (B-range), and the C-range (greater than 3000 m) also showed large 
Yearly changes in stand structure
We examined the local stand structure in the A-range as an indicator of stem density of large trees greater than 50- Table 2 . Time trends of average basal area of a belt transect based on a unit area of 1000 m 2 for two dbh classes, 20 -50 cm and >20 cm, and 2500 m 2 for larger trees >50 cm in dbh. Values for years with asterisks were estimated from Eq.( 2) using the most recent observed basal area. Abbreviations: avg, std, and BA represent average value, standard deviation, and basal area, respectively. 
Yearly changes in loss rates
With Eq.
(1), when we assessed rates of deforestation in terms of tree density and basal area across different dbh classes and different periods, mortality (M) tended to exhibit a negative relationship with both parameters (X).
This linear equation shows that rates of deforestation are accelerated with a decrease in the two parameters. A higher coefficient of determination could be regressed in mortality of trees excluding recruited trees especially Table 3 shows that smaller trees had higher mortality during the last 8 years both with and without recruited trees included. This was due to an increase in logging activities in areas near the village where there are few big trees.
Dimension of a forest structure could be qualified with Eq. (1). While the potential mortality of trees >20-cm dbh clearly increased in the A-range during last 8 years, the dimension of potential tree number tended to be constant (Fig. 4) . Table 3 . Two regression coeffi cients of Eq. (1), a and b, from different dbh classes and periods. Abbreviations: N, BA, R 2 , and P represent tree density, basal area, a coeffi cient of determination, and signifi cance level, respectively. Bold letters show parameters that are statistically signifi cant at P < 0.05. (Table 3) .
Simulated spatio-temporal changes of tree density
Basing on Eq. (2) at Angkang.
DISCUSSION
Changes in dimensional structure
The dimensional structure in A-range was characterized by an increase in potential mortality and constancy in potential tree number (Fig. 4 ). An increase in need of farmlands could be a major factor in this increase, and the constancy of a b/a ratio likely reflect intact forest stands that did not undergo recent logging due to inaccessibility.
The chronological changes of these trends in this study site generally indicate that the recent reductions in forested area are likely due to rapid expansion over a wide area, which has resulted in fragmented stands. Figure 5A shows that persistent disturbance leads to a rapid loss of tree density within a few decades depending on tree size. High mortality during the last 8 years, 2002-2010, could be confirmed through distinct dif ferences from the patter ns (i (94-02) in Fig.5 ) with parameters during the former 8 years, 1994-2002.
Additionally, given the obser ved recent increase in mortality (Fig. 4) , this period could be reduced.
The constancy of large canopy trees >50-cm dbh across the whole range is related to their low mortalities and large variances in the C-range. The density dependency of Eq. (2) shows that the trend follows a steeper slope for the initial density (N 0 ) of 15 ha -1 (Fig. 5A, patter n k). This could induce dynamic changes in dimensional str ucture of a r ural forest (Fig. 3 ). An estimation of temporal changes in horizontal distribution patterns of tree density with the present local value for N 0 shows that vegetational reduction progresses more rapidly than the k pattern (Fig. 1B) . The reduction process within the secondar y forest would result in a decreased average basal area as well as an increase in the skweness and kurtosis in the tree distribution patterns within the local basal area ( Table 2) .
Changes in species composition
Figure 5B Canopy trees of KAN showed significantly higher relative growth rates than one at ANK in the C-range. This indicates rapid replacement of canopy trees, thus shifting the community from a primar y forest to a secondar y forest throughout the whole range, although differences in the original vegetation along an altitudinal gradient should also be considered (Fig. 1) .
Impacts on floristic structure in a hill dipterocarp forest zone
We observed three types of hill depterocarp forest on the west-facing slopes of the Barisan Mountains in the coastal region of Padang Plain (Fig. 1A) . These were distributed at 150-1050 m in altitude as a lower-hill depterocarp forest (LHDF) (Laumonier 1997 
